Respiratory syncytial (RS) virus was grown in Vero cells and fixed for electron microscopy at various stages of maturation. Both filamentous and round or kidney-shaped particles, either with (complete) or without (incomplete) internal structure, were observed. All four morphological forms were identical with respect to their reactivity with ferritin-labeled antibody to RS virus. Freezeetching revealed a structural feature apparently unique for RS virus, namely helical striations around the core on the internal aspect of the envelope. This specific configuration was already detectable during the early stages of viral differentiation of the host cell membrane. Concentration of free virus by zonal ultracentrifugation of culture fluids onto sucrose cushions yielded predominantly filamentous forms up to 10 um in length.
Ultrastructural characteristics of respiratory syncytial (RS) virus have been used as the basis for tentative classification of this agent together with pneumonia virus of mice (PVM) and bovine RS virus as a separate subgroup of myxovirus (6, 8, 11, and 15) . Studies on the morphogenesis of these viruses have revealed round or filamentous particles which mature by a budding process at the surface of infected cells. Attempts to discern structural features of RS virus and its components by the negativestaining technique have been handicapped by the extreme fragility of the virion (7, 11) . The experiments reported here represent an effort at further characterization of RS virus with immunoferritin techniques and a comparison of its appearance in negatively stained, thin-sectioned, and freeze-etched preparations.
MATERIALS AND METHODS Cells. Vero Cells to be subjected to freeze-etching were held for 20 min at 4 C in EBSS containing 25% glycerol without prior fixation, and were then frozen and replicated according to standard procedures (14) .
RESULTS
Standard passage of the RS virus in Vero cells at a dilution of 10-2 to 10-' resulted in a cytopathic effect first detectable by light microscopy at 48 h. The formation of characteristic syncytia became more pronounced at 72 to 96 h, when 80% of the monolayer was found to consist of polykaryons containing up to 30 nuclei. The infectivity of virus harvested at this time usually was 104 to 105 TCID50 per ml. Budding of virus particles was occasionally detectable by electron microscopy of thin-sectioned material as early as 15 h after infection, well before syncytia and intracytoplasmic inclusions were detectable by light microscopy.
The particles formed at the surface of the plasma membranes of infected Vero cells displayed great pleomorphism. All structures which were readily identified by their morphology as viral particles also reacted with specific ferritin antibody to RS virus ( Fig. 1-6 ). Invariably, virus-associated bulging of the surface membrane occurred at sites which displayed an electron-dense structure measuring 4 nm in thickness apposed to the inner leaflet of the unit membrane constituting the cell surface. On the outside of the plasma membrane, budding areas were distinguished by the presence of a fuzzy coat of variable electron density. Ferritin antibody to RS virus also reacted specifically with these discrete segments of membrane altered by nascent virus.
Besides these commonly observed features of developing RS virus, many viral particles were observed which varied widely in the appearance of internal structure and overall shape. Round or kidney-shaped particles ( Fig. 1-3 ) with a diameter of 150 to 250 nm frequently, but not invariably, contained electron-dense dots with a diameter of 15 nm (Fig. 3) . The same differences were reflected among budding filamentous particles with a uniform diameter of 90 to 100 nm. Thus, the filaments shown in Fig. 4 do not contain any well-defined internal structures. On the other hand, three to five parallel strands with a diameter of 15 nm were detected in the core of some of these elongated virions (Fig. 5) . Cross-sections of these filaments (Fig.  6) showed the same internal components appearing as dots with a diameter of 15 nm.
The different forms of RS virus described above (round and filamentous particles, either empty or containing electron-dense internal component) usually were observed to occur simultaneously in infected cultures. The filamentous forms always outnumbered the round particles, and coreless filaments, in turn, seemed to be more frequent than those with distinct internal components. The duration of infection prior to fixation (15 to 96 h) did not influence the relative frequency with which any of the four different forms occurred; nor was it possible to control the pleomorphism of progeny virus by varying the input multiplicity of infecting virus.
Freeze-etching of infected cultures revealed predominantly filamentous forms of a caliber similar to those measured in the thin-sectioned material. Figure 7 shows a plasma membrane from which several filamentous virus particles appear to be budding. Within the plasma membrane itself, there are typical membrane particles in irregular, clustered distribution. The viral filaments appear as tube-like structures which have been fractured at two different levels. Either the major part of the virus has been broken away, leaving behind a concave shell, or the fracture plane has occurred along the top of the filament, resulting in removal of the envelope only and exposure of the convex structure of the core. The latter reveals distinct structures consisting of oblique striations with a pitch of 6 nm. The striations seem to form a helical structure with an angle of 600 around the core exposed by the removal of the envelope. The latter is visible as a rim measuring 15 nm at the outside of the core (Fig. 7, 9, and 10) Fig. 1 and 2 , the core reveals up to five electron-dense structures corresponding to the nucleoproteins of the virion (complete virus). x230,000. observed which resembled those on the cores of filaments (Fig. 8) . Freeze-etching of infected cells did not otherwise reveal internal components, although some differences in the striations of the core were noted. Although most virus particles seemed to bear the striations as a characteristic feature, other filaments, though undoubtedly of viral origin, lacked this configuration (Fig. 7) . Round particles, corresponding to those observed in thin-sectioned preparations, were not readily identified in replicas of frozen-etched material. Our attempts to visualize virus particles in unconcentrated supernatant fluids of infected cell cultures were never successful. Virions were therefore concentrated onto a cushion of sucrose by ultracentrifugation of large volumes of culture supernatant fluid in a zonal rotor. The virus was found mainly in an aggregated form and was localized in a fraction containing 43 to 50% sucrose. After dialysis at 4 C overnight against PBS, pH 7.2, the infectivity titer of this concentrate was 107; the infectivity titer of the original unconcentrated culture fluid was 105. Brief fixation was found to be necessary in order to guarantee the morphological integrity of the virus. The concentrated material, when negatively stained, was seen to consist mainly of filaments measuring between 1 and 4 ,m (Fig.  11) . Material submitted to negative staining without prior fixation revealed some filaments in which the viral envelope, with its fringe of spikes, seemed to be peeling away from the core (Fig. 14) . Occasionally, round virus particles were seen with diameters varying between 150 to 500 nm ( Fig. 11 and 12 ). All of these forms revealed peripheral spikes which measured 10 nm in length (Fig. 11, 12, and 15) .
Nucleocapsid structures, released from ruptured particles, displayed a typical herring bone pattern (5) . Single units appeared as doughnuts with an inner diameter of 10 nm and an outer diameter of 15 nm (Fig. 13) . The same material, when examined in a dark-field microscope, showed numerous filaments up to 10 um in length. DISCUSSION Our findings with respect to the morphology of RS virus, revealed by negative staining, are in general agreement with those of others, particularly as regards the appearance of released nucleocapsid and the spikes on both round and spherical viral particles or envelope fragments (5, 7, 10, 11, 15) . In contrast to ortho-and paramyxoviruses, no biological functions, such as hemagglutinin and neuraminidase, have been found to be associated with RS virus (16) .
Not hitherto reported is the predominance of free filamentous forms obtained from culture fluids by procedures which were most likely to yield intact virions in sufficient concentration for negative staining. In most such preparations, as well as in thin sections of infected Vero cells, filamentous forms without inner structure (incomplete virions) outnumbered either filamentous or round forms containing inner components recognizable morphologically as nucleocapsid (complete virions) (15) . Presumably only the latter are infectious. Thus, the consistently observed predominance of apparently incomplete virus might account for the generally low order of infectivity encountered with RS virus in any of several cell systems (10, 12, 13) . Measurable infectivity may doubtless also be lost as a result of ultracentrifugation methods ordinarily used to concentrate RS virus from culture fluids. As shown herein, damage to fragile virions was avoided by zonal centrifugation onto sucrose cushions, a concentration procedure which yielded not only a 10-to 100-fold enhancement of infectivity, but also a superabundance of incomplete viral filaments. The factors governing the appearance of incomplete virus have not yet been elucidated.
RS virus examined with freeze-etching techniques displayed a unique structural feature not discernable with any other preparative method. Virus particles, fractured so that the core was exposed, showed striations not observed thus far in other enveloped virus. Influenza virus, when replicated with the freeze-etching technique, showed a smooth core structure (1, 3) , whereas Sendai virus seemed to have an obliquely arranged network of granules covering the core (4). With RS virus, the appearance of striations was first noted in conjunction with maturation of virus at the cell membrane (Fig. 8) and was accompanied by rearrangement of the host cell intramembranal particles ( Fig. 7 and 8) (Fig. 12 ). x 140,000.
latter, in turn, were displaced from the sites of active viral budding and were found in intervening areas in irregular patterns or clusters. This process, which resembled the sequence of events occurring during maturation of myxoviruses (1, 3) , may reflect the removal of host glycoproteins from the lipoprotein of the viral envelope. It could also represent a structural change in the membrane analogous to that seen during the course of erythrocyte fusion induced exogenously with Sendai virus (2, 4) . The coincidence of syncytium formation with the appearance of viral antigen in the plasma membrane has been observed in cells infected with RS virus (12) .
The exact location of the regular, striated structures in the RS viral envelope was not clearly definable. The fracture plane produced in the viral envelope with the freeze-fracturing method corresponds with the hydrophobic region of the lipid bilayer. Thus, pictures revealing the core of RS virus presented to view the inner leaflet of the viral envelope unpenetrated by the spikes. Alternatively, the hollow, concave envelopes, with cores removed, displayed granulated structures which might be taken as the bases of spikes. Some of the filaments appeared to lack striations (Fig. 7) . This defect probably reflected poor local resolution of the replica rather than any real structural differences among the virus particles. In any event, the structural details revealed in cores of RS virus by freeze-etching techniques may represent biological characteristics peculiar to this agent and, if also eventually discovered in bovine RS virus and PVM, may strengthen the basis for considering these viruses together as a distinct taxonomic group.
